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ABSTRACT 
ABSTRACT 
The objective of this study was to explore some major 
biochemical parameters in selected oral tissues (oral mucosa and 
submandibular salivary glands) following the feeding of diets 
high in sucrose and/or ascorbic acid; any observations would be 
compared to hepatic tissue. 
The animals selected for this study were forty (40) twenty-
one day old male rats. The rats were divided into four dietary 
groups (control group, control plus ascorbic acid, high sucrose 
group, and the high sucrose plus ascorbic acid). At the end of 
fourteen days, analyses for DNA, total protein, protein-bound 
hexoses, protein-bound fucose, total lipids, neutral lipids, 
polar lipids, free fatty acids, triglycerides, mono and di-glycer-
ides, methyl ester derivatives of free fatty acids, lysophosphatidyl 
choline, sphingomyelin, phosphatidyl choline, phosphatidyl inositol 
and serine, phosphatidyl ethanolamine, phosphatidic acid, 
cholesterol, and cholesterol esters were determined. The lipid 
analyses were carried out only in the salivary glands while the 
other analyses were determined for all tissues. 
The results showed that those rats fed the high sucrose diet 
supplemented with ascorbic acid had a significant increase in 
hepatic protein-bound hexose levels. This suggests a possible 
increase of internal glycosylations. In oral mucosa, the high 
sucrose regimen favored lower levels of bound hexoses. Hhen such 
a diet was supplemented with ascorbic acid, the hexose levels 
were restored to control values. In submandibular salivary 
glands, ascorbic acid supplementation only elevated the total 
cholesterol level and had little or no effect on the other 
lipid fractions. 
These findings support the need for additional research on 
specific biochemical systems following such dietary manipultaioris. 
Such research should include mature animals as well. 
Key Words: diet; ascorbic acid; high sucrose; rats; liver; 
oral mucosa; submandibular salivary glands; bound-hexoses; lipids. 
INTRODUCTION 
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The purpose herein is to determine if there are beneficial 
effects of ascorbic acid supplementation on oral mucosa, salivary 
glands as well as in the . livers of animals receiving a diet high 
in sucrose. Such a study can have practical implications in 
humans. The ingestion of diets high in sugars and other carbo-
hydrates is generally seen in populations whose total protein 
intake is low. 
Glycoprotein and Protein Metabolism 
Earlier work done in this lab indicated that diets low in 
protein results in significant changes in hepatic glycoprotein 
metabolism in rats. This work had studied two general groups of 
glycoproteins: acid-insoluble and acid-soluble fractions. The 
acid-insoluble glycoproteins are those precipitated by conven-
tional acid-extraction methods. The acid-soluble glycoproteins 
contain relatively higher amounts of covalently linked sugars, 
sialic acids, and amino sugars and are resistant to acid 
precipitation techniques. 
During early protein depletion, the acid-soluble glyco-
proteins of the liver were found to increase, apparently by 
increased glycosylations (Taoka and Fillies, 1971, and Wood 
1 
and Fillies, 1979) . More recent work done in this same 
laboratory showed this to be due to increases in the more sugar 
rich glycoproteins. This increase is believed to be related 
-2-
to the more 'internal' sugars of the glycoproteins, such as 
mannose and glucose; fucose, on the other hand, is linked 
terminally and was not affected. Generally speaking, these 
changes suggest that an adaptive phenomenon occurs in order 
to maintain the intracellular osmolarity during periods of 
2 
inadequate protein intake (Wood and Fillies) . 
Garlich 3 examined the efects of dietary protein on liver 
protein synthesis. His results indicated that the fractional 
rate of liver protein synthesis decreased dietary protein. 
There was also a fall in both the liver weight and its total 
protein content. In addition to the decrease in total protein 
synthesis there existed a greater decrease in albumin synthesis 
at all levels of dietary protein examined. This decrease in 
albumin synthesis was not sufficient to account for the decrease 
in total protein synthesis seen in protein deficiency. 
4 
McNurlan et al. studied conditions of altera rates of 
tissue protein synthesis in vivo. They found that in starvation, 
protein synthesis in the liver was depressed. In starvation, 
a lower rate of synthesis could be explained by a depletion of 
total RNA. In contrast, protein deprivation appears to decrease 
the rat of synthesis per unit of RNA, not a loss in total RNA. 
In diabetes, there is an even greater decrease in the rate of 
protein synthesis as well as in the amount of total RNA. 
-3-
Studies have shown that insulin is important in maintaining 
rates of protein synthesis, (Fulks et al. 1975, Jefferson et al. 
5 
1977) . 
Low concentrations of branched chain amino acids have also 
been shown to be related to decreases in protein synthesis. 
. 6 
Moretime and co-workers using a perfused rat liver system, 
showed that insulin or high concentrations of amino acids had 
little effect on the rate of protein synthesis. Therefore the 
decreases in protein synthesis brought about by changes in the 
diet in diabetes are apparently not the direct result of a 
lack of insulin or altered concentrations of amino acids. It 
7 
is interesting to note that Ashwell and Morell have shown that 
the survival time of circulating serum glycoproteins is in part 
determined by the terminal sugar sialic acid. For example, the 
removal of just a small fraction of the total sialic acid 
residues will expose the penultimate sugar of the carbohydrate 
chain (which is galactose), this causes a signal to the liver 
which recognizes and removes this partially desialyated protein. 
In addition, the presence of intact sialic acid residues on the 
receptor sites in the liver is a prerequisite for the initial 
binding reaction as well as transport and turnover. Therefore, 
one can forsee a dual role for sialic acid. In the studies by 
Taoka and Fillios 1as well as Wood and Fillies~ sialic acid 
concentrations were not significantly affected. 
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Lunn et al. 8 studied the effect of energy status of animals 
fed on diets low in the protein/energy ratio. His results were 
important in defining the impact of energy intake, altered the 
plasma albumin level. The lowest level of albumin occured when 
the food contained the excess of energy. However, when this 
surplus of energy was reduced by dietary restriction the plasma 
albumin levels approached normal. In addition, the plasma T3 
concentration was found to be elevated in animals fed a low 
protein diet with a surplus of energy. Conversely (Jung et al. 
1980) found that reduced plasma T3 levels occur under conditions 
of dietary energy restriction. The exact mechanism between 
albumin and T3 is not cler at this time; T3 seems to play a 
maj part in the reduction of plasma albumin. There is also 
a possibility that it is also responsible for other abnormalities 
associated with low protein diets. 
~ubmandibular Salivary Glands 
9 
Menaker et al. studied RNase activity in the neonatal 
submandibular salivary glands. The effects of food deprivation 
on protein synthesis was to lower RNase activity, which causes 
a degradation of the polyribosomal aggregate by attacking the 
messanger strand. This then resulted in a decrease in the 
polysomal size and a reduced ability of the polysomal fraction 
to incorporate amino acids into protein. More importantly, 
they found this to be true at a specific time of glandular 
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development (5-12 days). They suggested that this "critical 
phase" in development is extremely sensitive to alterations 
in the diet. In addition, this specific time in the submandi-
bular salivary gland is a time of maximal proliferation of the 
glands acinar tissue plus maximal increase in DNA, RNA, and 
protein synthesis. Therefore, this suggests that a dietary 
insult at this point may lead to permanent irreversible damage, 
which may show clinically in the oral cavity. 
10 Venroou et al. showed in vitro that under conditions 
of sufficient extracellular amino acids, the amino acid molecules 
which are incorported into protein are not selected from the 
intracellular pool. This suggests that during periods of protein 
deprivation there could be a decrease in protein synthesis. In 
this way diet is shown to have a regulatory effect on protein 
synthsis. 
Oral Tissues 
From the perspective of oral diseases, it has been shown 
that the offspring of femal rats fed diets deficient in protein 
grew more slowly and have higher caries suseptibility than do 
controls. Their submandibular salivary glands also contain lower 
than average values for protein, RNA, and DNA. 
11 
Menaker and Miller -Observed that F.Nase and RNase inhibitor 
have peak activities in the submandibular salivary glands of the 
rat at about ten days. Using feeding-starving experiments they 
-6-
showed that diet regulated the inhibitor during its highest 
period of activity. This was measured by the available RNase 
content of the gland. By isolating the polysomes of the 
submandibular salivary glands on density gradients they were 
able to compare the effect of starvation at 50 days (a known 
decreased RNase activity). Their results indicated that poly-
ribosomes from 50 day old rats were unaffected in their ability 
to synthesize protein. However, the polyribosomes of the younger 
animals showed a marked decrease in the capacity to synthesize 
protein under conditions of inadequate caloric intake (equal 
amount of polysomal RNA were compared). 
Effects of Ascorbic Acid 
A deficiency in ascorbic acid results in a reduction in 
the activity of the hepatic mixed function oxidase systems in 
the guinea pig. 
12 Sutton et al. found that at a dose of 50 mg. 
of ascorbic acid there was a significant rise in the specific 
activities of both cytochromes p-450 and B5 . With even higher 
doses (200-300rng) of ascorbic acid the concentration of both 
haemoproteins was significantly lower than the control values. 
These results suggest that when large doses of ascorbic acid are 
administered, it can no longer be considered a vitamin and 
should be understood as a drug that competes for substrates and 
cofactors. Cholesterol is an example of a substrate that is 
metabolized through the same drug-metabolizing system as ascorbic 
acid. 
-7-
Ascorbic acid is known to have a metabolic association in 
certain aspects of protein metabolism. For example, ascorbic 
acid plays an essential part in the biosynthesis of collagen and 
influences the metabolism of aromatic andno acids and the 
13 
formation of plasma proteins (Chatterjee, 1967) Williams et 
14 
al. discovered that both the quality and quantity of dietary 
protein influenced tissue ascorbic acid. They fed three diets, 
each containing different forms of protein (Dried skim milk, 
fish meal, or wheat gluten) at different levels to their an:ililals. 
After 27 days, the tissues of the highest protein levels had 
the greatest concentrations of ascorbic acid. He suggested that 
the effect of dietary proteins on the deposition of ascorbic acid 
in guinea-pig tissues is in part attributable to their different 
growth-promoting abilities, ie, a more rapid rate of growth 
being associated with a greater retention of ascorbic acid. 
Lipids: 
Excessive intakes of sucrose have been associated with 
changes in the concentrations of various blood lipids. For 
example, the addition of sucrose to the diet has been shown to 
increase the concentrations of plasma cholesterol and tri-
glyceride (Yudkin et al.) 15 • They also reported that there is 
an increase in plasma uric acid levles, changes in glucose 
tolerance, as well as an increase in platelet adhesiveness. 
Such alterations are frequently found in patients with coronary 
-8-
artery disease. For this reason, more attention on the effects 
of sucrose on various aspects of lipid metabolism are indicated . 
In a study related to vitamin A excess of deficiency, Elliot 
et a1. 16 studied also the effects of ascorbic acid on lipid 
metabolism in the rat. They observed that ascorbic acid alone 
had no effect on cholesterol or bile acid synthesis. However, 
vitamin A excess decreased the rate of cholesterol synthesis 
even in the presence of additional ascorbic acid. Vitamin A 
excess or deficiency also caused a reduction in heptic ascorbic 
acid synthesis; the addition of ascorbic acid to the diet protects 
hepatic ascorbic acid during vitamin A deficiency but not after 
feeding vitamin A in excess amounts. 
As one might expect, rats given high levels of ascorbic 
acid showed significantly higher levels of ascorbic acid in the 
sertnn, liver, and kidney, while the values for the adrenal gland, 
and the brain were only slightly increased. These latter tissues 
generally store relatively high levels of ascorbic acid, 
suggesting that the turnover rates are slower and thus less 
sensitive to day to day intakes. This may help explain why no 
significant differences were observed in the levels of noradrenaline, 
adrenaline and dopamine and why dietary intakes of ascorbic 
acid had little or no effect on the metabolism of catecholamines in 
the rat (Bherens and Madere) 17 . 
It may be of some relevance to report that the peroxidation 
-9-
of hepatic lipids may be affected by ascorbic acid. Suprisingly, 
Fujita 18 found that the formation of lipid peroxides in vivo 
in the rat liver cell organelles are increased after treatment 
with ascorbic acid and ferrous iron. 
There is a large body of literature that points out that 
dietary imbalances can contribute to a variety of metabolic 
derangements, including disorders of lipid metabolism. It is 
reasonable to assume that a dietary imbalance brought about by 
high intakes of sucrose at the expense of other essentail 
nutrients, including protein, can contribute to derangements in 
lipid metabolism. For this reason, the present study has taken 
care also to include specific measurements of several of the 
mor common lipids (phospholipids, fatty acids, glycerides and 
cholesterol). The experimental design for the present study 
is described in the following section. 
MATERIALS AND METHODS 
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MATERIALS AND METHODS 
* Male, albino rats (approx. 50 grams) of a Charles River 
strain were individually caged and fed either a Purina Chow or 
a high sucrose experimental diet, with or without ascorbic acid 
supplementation. (See table 1) Therefore, the 'control' diet 
** (purina chow ) was given to two of the groups, one of which 
was given 5 mg. of ascorbic acid daily in the drinking water 
during the first week, and 10 mg. of ascorbic acid during the 
second week. Similarly one of the two groups receiving the 
'experimental' (high sucrose) diet received 5 mg. of ascorbic 
acid daily during the first week of the experiment and 10 mg. 
of asorbic acid during the second week. These young rats (approx. 
twenty-one days of age) were fed ad libitum for the fourteen 
days; a total of forty (40) animals were used, with (10) animals 
placed on each diet. 
At the end of this fourteen day period, each rat was killed 
by decapitation. The oral mucosa, salivary glands, and livers 
were immediately removed, washed in 0.9% physiologic saline, 
and then frozen. All procedures described below were carried 
out at Oto 4 degrees Celsius unless otherwise stated. 
Approxiamtely 0.2 grams of each tissue was minced with 
scissors and homogenized in 2 ml. of 10% cold trichloroacetic 
*** acid using a Tri-R Homogenizer. 
* Charles River Breeding Laboratories, Inc. 251 Ballardvale 
Street Wilmington Mass. 01887. 
** Purina Chow Ralston Laboratory 
*** Tri-R Homogenizer Tri-R instruments inc. 
TABLE 1 
DIETARY GROUPS 
COMPONENTS 00 oc so SC 
PURINA CHOW 100% 100% 50% 50% 
SUCROSE 44% 44% 
- -
CORN OIL* 3% 3% 
- -
MINERAL MIXTURE* 2% 2% 
- -
VITAMIN MIXTURE* 1% 1% 
- -
ASCORBIC ACID* + + 
- -
* Corn oil, vitamins and minerals were added to assure adequate levels of these ingredients 
for rats receiving the high sucrose diets (see table 2 for complete details). See text for 
ascorbic acid supplementation 
I 
1-J 
1-J 
I 
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TABLE 2 
VITAMIN MIXTURE (Mg/K~ Diet) 
Choline Chloride 2,000 
Inositol 300 
Alpha-Tocopherol (500 IU/G) 200 
Niacin 80 
CA Pantothenate 25 
Biotin 0.2 
Folic Acid 0.4 
Cobalamine 0.03 
Thiamin 5.0 
Riboflavin 5.0 
Menadione 5.0 
Pyridoxine HCL 5.0 
Vitamin A (500000 IU/G) 2.0 
Vitamin D (500000 IU/G) 0.2 
Dextrose 7322 
-13-
TABLE 3 
MINERAL MIXTURE 
(g%) 
CaCO 
3 20.0 
K2HPo4 32.0 
CaHP04 . 2Hi° 30.0 
Mgso4 .7H20 11.0 
NaSi04.9H 20 3.34 
FeC6H507 .5H20 2.70 
MnS04.H20 0.40 
Znso4 .7H20 0.16 
Cuso4 .5H20 0.05 
Co(CH3co 2) 2.4H20 0.05 
NiCL2 . 6H20 0.04 
NaF 0.05 
A12(so 4) 3(NH4) 2so 4 .24H2) 0.02 
(NH4)Mo o24 .4H20 0.01 7 
KI 0.008 
Na3vo4 0.006 
H2seo 3 0.0006 
Cr(C2H3o2) 3 .H20 0.0005 
Dextrose 3.545 
PROTEIN, GLYCOPROTEIN AND NUCLEIC ACID ASSAYS: 
The homogenates were then centrifuged at 15,000X g for ten 
minutes (International Centrifuge Model Hr-1). This procedure 
was repeated in order to remove acid-soluble compounds; the 
supernatants were discarded. 
The above residue was removed and dissolved in 5 ml. of 95% 
ethanol; the homogenate was then centrifuged at 15,000X g for ten 
minutes to remove lipids; the supernatants were again discarded 
and the residue was removed once again and dissolved in a 5 ml. 
of ethanol/ether/chloroform (2/2/1 v/v) solution. After a ten 
minute period, this solution was centrifuged again at 15,000X g 
for ten minutes. This step was repeated twice; the supernatants 
were discarded; the residue was extracted and dissolved in 5 ml. 
of ether. This solution was centrifuged at 15,000X g for ten 
minutes. The supernatants were discarded; the residue was 
allowed to dry at room temperature. 
The above residues were dissolved in 5 ml. of 5% trichloro-
acetic acid and heated in a 90° water bath for fifteen minutes. 
Consequently, the whole solution was cooled and centrifuged at 
15,000X g for ten minutes; the supernatants, containing the nucleic 
acids, were poured into separate tubes. The residues were then 
dried at room temperature. 
DNA was estimated by adding to one ml. of the above 
supernatants two ml. of diphenylamine reagent and heating the 
mixture for ten minutes in a boiling water bath. After cooling, 
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samples were read at 600mu. A standard curve was prepared 
relating optical density to micrograms of DNA-P using purified 
DNA as the standard. 
Protein and Protein bound sugars were measured as follows: 
The final residue was dissolved in 5 ml. of 95% ethanol and 
centrifuged at 15,000X g for ten minutes; the supernatants 
were discarded. The residue was then dissolved in 5 ml. ethanol/ 
ether/chloroform (2/2/1 v/v) solution and centrifuged at 15,000X 
g for ten minutes. This step was repeated twice. The super-
natants were discarded. The residue was extracted and dissolved 
in 5 ml. of ether. This solution was centrifuged at 15,000X g 
for ten minutes. The supernatants were discarded and the 
residue was allowed to dry at room temperature. The residue 
was then dissolved in 10 ml. of 0.1 NaOH (measured volume), and 
then heated in a warm (60 degrees), water bath. This solution 
was transferred to dialysis bags (Fisher No. 8-667b). Th~ 
dialyses were carried out for twenty-four hours, against 
deionized water at Oto 4 degrees. Each dialysate was saved 
for the analyses of total protein (19), hexoses (20), and 
fucose (21). 
LIPID ASSAYS: 
The weighed specimen was finely chopped, with mechanically 
operated sharp scissors and placed in a test tube with a 
Teflon-lined screw-cap containing 10-20 ml. of chloroform-
-16-
methanol (2:1, v/v). The mince was kept in the solvent for 
12-15 hr at 60°C. The chloroform-methanol solution was then 
filtered and evaporated from the solution into preweighed 
containers. The total lipid content of the sample was 
determined by weight. It is known that total extraction is 
difficult from some connective tissues. For this reason 
preliminary experiments were performed to determine the 
efficiency of the lipid extraction technique used in this 
study. For this, a large strip of salivary gland was divided 
into many portions. Each portion was carefully weighed and 
analysed for lipid by each of the following 4 techniques. 
Each method was carried out in triplicate. (a) The specimens 
were chopped with scissors and extracted as reported above. 
The total lipid was determined as a percentage of the wet weight. 
(b) The salivary gland was chopped with scissors and placed in 
the glass gooch crucible of a Soxhlet extractor which was 
charged with 20 ml. of chloroform-methanol (2:1, v/v) as the 
refluxing solvent. The mixture was permitted to extract for 
18 hr. At the end of this time the solvent containing the total 
lipid was transferred to a preweighed beaker and the solvents 
were evaporated under nitrogen. The total lipid content was 
1.82-1.88 percent. (c) The salivary gland was treated as in 
technique (b)j except that 1 ml of cone. HCL was added to 
the solvent solution. The lipid content was 1.84-1.86 percent. 
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(d) The sample was freez-dried, pulverized and then extracted 
by methods (b) and (c). The lipid content was 1.83-1.88 percent. 
We conclude that our extraction procedures were adequate for 
lipid removal. 
The total lipid obtained from the salivary glands were 
dissolved in chloroform-methanol (2:1, v/v) according to Folch 
(1951) and this solution treated with 1 ml of 0.1 M KCL solution 
to remove water-soluble materials. The washed chloroform solution 
was added to a silicic acid column prepared according to Marsh 
and Weinstein(1966) and the neutral lipids eluted by the 
addition of 100 ml of chloroform. The chromatographic column 
was then eluted with 60 ml of methanol to remove polar lipids. 
An aliquot of the neutral lipids was taken to dryness in a pre-
weighed container and the total content of nonpolar lipids 
determined by weight. An aliquot of this material containing 
exactly 300 pg of lipid was spotted on a silica gel-G glass 
plate. At both sides of this spot, lmown amounts of various 
authentic standards were placed. The glass plate, when 
throughly dried, was placed in a developing tank containing 
petroleum ether-ethyl ether-acetic acid (90:10, v/v) (Mangold 
and Malins, 1960) ; the plate was kept in this tank until the 
solvent front reached the upper portion of the plate (1 hr.), 
removed and dried. A smaller glass plate was then placed on 
top of the developed plate to protect the areas containing the 
-18-
unknown. The glass sandwich was placed into a closed tank 
with crystals of iodine for a few minutes. This procedure 
permitted the localization on the plate of the following 
families of neutral lipids: (a) steroid esters, Rf= 0.95-
1.00; (b) methylated fatty acids, Rf= 0.80-0.85; (c) tri 
glycerides, Rf= 0.45-0.50; (d)free fatty acids, Rf= 0.35 -
0.40; (e) free steroids, Rf= 0.15-0.20; (f) mono and digly-
cerides, Rf= 0.075-0.10. While the monoglycerides could be 
readily seen to have separated from the diglycerides, they were 
kept as a group since the amounts were small. These materials 
were checked and found to be free of sterols by the anisaldehyde 
and phosphomolybdate sprays (Kritchevsky, 1952, 1963). In 
addition, sterols and sterol esters were identified by the 
method of Truswell (1965). 
The appropriate areas of the individual neutral lipids were 
then scraped off and placed in individual test tubes containing 
2 ml. of cone. sulphuric acid (Marsh and Weinstein, 1966). 
The tubes were heated to 200° for exactly 15 min. The test 
tubes were then cooled, immersed in ice and 3 ml. of water 
was then added to each tube. The test tubes were centrifuged 
for a few minutes at 3000 rpm to remove the silic ci' gel and each 
solution decanted into a separate quartz cuvette. The charred 
lipids were quantitatively assayed by use of a Beckman DB 
spectrometer set at 375 mM and compared with known standards 
-19-
(Blank, 1964) obtained in the same manner. 
For the analysis of fatty acid composition, a known aliquot 
of the solution was spotted on a similar glass plate and handled 
in identical fashion for the development and identification of 
the lipid-subgroup areas. After the areas were delineated for 
each one of the six lipid components, the area of each component 
was extracted from the silica gel with chloroform-methanol (2:1). 
As a check, the silica was extracted twice more with 15 ml. 
of the solvent, and no measurable additional lipid was recovered. 
The fatty acid methyl esters were prepared by transferification 
with 14 percent boron trifluoride according to Morrison and Smith 
(1964). Where amounts of samples were small, samples were pooled. 
GLC analysis was carried out using a Glowall instrument with 
a 10 percent diethylene glycol succinate polyester, 1/8 in., 6 ft. 
column, maintained with 20 lb pressure of argon. Temperature 
programming was carried out from 140°-175°c. The fatty acid 
methyl ester content of the aliquot used for GLC was 0.10.3/ug. 
The retention volume (time) was used for qualitative identification; 
he are under each peak was measured by direct triangulation. 
Authentic fatty acid methyl esters (Applied Science, NIH, USDA, 
etc.) in known amounts assayed under precisely the same comditions 
were used as standards. Analysis of standard mixtures ( Applied 
Science, NIH: KC,KD,KF,ETC.) agreed to within 1 percent of the 
stated composition. 
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The total polar lipid content of the methanol eluate from 
the silicic acid chromatographic column was determined by 
weight. The mixture of polar lipids was then dissolved in 
Folch's solvent and an alipuot of this solution containing exactly 
300 ug of polar lipid was spotted on a prewashed thin layer 
chromatographic plate coated with silica gel H (250 um thick). To 
the right and to the left of the lipids to be assayed, known 
amounts of authentic standards were also spotted. The TLC plate 
was then developed at room temperature with a chloroform-methanol-
acetic acid-water solution (200:120:25:15, v/v) (Parker and peter-
son, 1965). After the solvent front reached the upper portion of 
the plate, (approx. 2 hr.) the plate was removed, allowed to dry 
and then treated as described in the neutral lipid separation. 
In addition to the use of I2 for lipid localization, ninhydrin 
and phosphomolybdic spray was used to confirm the identity of the 
phospholipid spots. The families of polar lipids obtained were 
(a) phosphatidic acid, Rf=l.00; (b) ceramide, Rf=0.80-0.85; 
(c) phosphatidyl ethanolamine, Rf= 0.70-0.75; (d) phosphatidyl 
inositol and serine, Rf= 0.50-0.55; (e) lysophosphatidyl 
ethanolamine, Rf= 0.40-0.45; (f) lecithin, Rf= 0.30-0.35; 
(g) sphingomyelin, Rf= 0.20-0.25; (h) lysolecithin, Rf= 0.10-
0.15. To ascertain completeness of separation between the families 
of lipids, double checks were performed by re-chromatographing 
each lipid family using the same or different solvent systems 
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in single and in two dimensions. No serious cross contaminations 
were detected. Phosphatidyl inositol and phosphatidyl serine 
were not separated and are therefore reported together in the 
present study. 
Each are corresponding to a given family of polar lipid was 
then scraped off the plate and placed in a test tube containing 
2 ml. of sulphuric acid and heated for 15 min. at 200°c. The 
charring assay was performed as described for the neutral lipids. 
Another aliquot of the solution containing 350-500 ug of polar 
lipids was spotted on another TLC plate identical to the one 
described above, developed and the individual lipids were then 
trans-esterified as previously described. 
To ascertain the efficiency of recovery and assay of lipid 
materials, especially the phospholipids, from the TLC plates, 
authentic samples of standards (Applied Science, Hormel, NIH, 
Unilever, etc,) were chromatographed in exactly the same manner 
as the samples and a "charring curve" was prepared. A double 
check was performed on the results of charring for each and all 
of the phospholipid types by determining lipid phosphorous 
according to Bartlett (1959) and Fiske and Subbarrow (1952). 
The phosphate assays on the silica and sample gave the same 
results as the "charring" assays. Approximately one-fourth of 
all phospholipid samples were assayed by both techniques. The 
maximum differences observed between the two methods was not 
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statistically greater than the error of each method itself. 
Additional confirmation of completeness of extraction of the 
lipid from the TLC plate was obtained by the use of (14c)-
phosphatidyl choline (2.5 X 105 dpm, spec. act. 1 mCi/mM, Applied 
Science) spotted on a TLC plate and developed as described 
earlier. The radioactive results indicated a recoveryof 81-85 
percent of the original sample. Since the charring assays were 
performed without extraction, this result is significant only 
with regard to the fatty acid composition studied where phospho-
lipids were eluted. 
RESULTS 
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DNA AND PROTEIN CONCENTRATIONS 
An examination of oral mucosa, salivary gland, and liver 
values (Tables 4.6, and 8) showed that there were no statistically 
significant differences between or among the various dietary 
groups. 
HEXOSES AND FUCOSE CONCENTRATIONS 
In the oral mucosa a greater concentration of bound fucose 
was seen in the group receiving the diet high in sucrose when 
compared to the control diet. But an opposite effect in bound 
hexose concentrations was observed between these same two groups. 
When the high sucrose group was supplemented with ascorbic acid 
the hexose values were restored to those seen in the controls. 
Ascorbic acid had little or no effect when added to the basal 
diet. 
An examination of total hexose and fucose concentrations 
(table 7) in the salivary glands showed no dietary effects. 
An examination of the hepatic values (table 9) indicated 
that there was a significant increase in hexose concentration 
in the group receiving the high sucrose diet when compared to 
the control diet. 
Ascorbic acid supplements had little or no effect on 
either diet for either hexose or fucose concentrations. 
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LIPID CONCENTRATIONS IN SUBMANDIBULAR SALIVARY GLANDS 
Total lipids, Neutral lipids, Polar lipids: 
There were no significant changes in any of these lipids 
(Table 10). 
Fatty acids: 
Also there were no significant changes in the levels of any 
of these complexes (Table 11). 
Triglycerides, Methyl Esters, and Mono and Diglycerides: 
The high sucrose group supplemented with ascorbic acid 
showed a significantly lower level of triglycerides when compared 
with the basal (00) group. However, significantly higher levels 
of mono and diglycerides were seen (Table 11). Without ascorbic 
acid supplementation the high sucrose group showed significantly 
lower levels of mono and diglycerides. 
Methyl Esters of Free Fatty Acids: 
There were no significant changes in the levels of any of 
these complexes (Table 12). 
Phospholipids: 
Phosphatidyl choline levels were significantly lower in the 
high sucrose group as compared to the basal group (Table 13). 
Cholesterol: 
Cholesterol concentrations were elevated when ascorbic acid 
was added to the basal diet (Table 14). 
TABLE 4 
DNA and protein concentrations in oral mucosa 
MgM/Gm (wet weight) 
2 
DIETARY GROUP DNA X 10 PROTEIN 
00 20.3±5.3(10) 30.2±12.8(10) 
oc 22.3±4.2(10) 34.8±25.3(10) 
so 19.8±5.3(9) 42.4±28.3(9) 
SC 19.7±4.5(8) 35.1±12.9(8) 
N = number of animals 
These data are means± S.D. from groups fed the diets for fourteen days. 
I 
N 
V1 
I 
TABLE 5 
· HEXOSE AND F1JCOSE CONCENTRATIONS IN ORAL MUCOSA 
MGM/GM (wet weight) 
3 
FUCOSE X 103 DIETARY GROUP HEXOSE X 10 
00 861±367(11) 21. 0±14. 9(11) 
oc 655±227(10)** 17.7±8.16(11) 
* so 470±155(9) 23.3±12.6(10) 
* 
SC 720±331 (10) 18.3±14.2(9) 
(N) = Number of animals 
These data are means ±S.D. after fourteen days of dietary treatment 
* Indicates a significant difference between groups 00 and SO (Fucose, 
P(0.05), 00 and SO (Hexose, P<0.05), and SO and SC (Hexose, P<0.05). 
** Indicates a suggestive difference between groups 00 and OC (Hexose, P(0.10). 
* 
I 
N 
°' I 
TABLE 6 
DNA AND PROTEIN CONCENTRATIONS IN SALIVARY GLANDS 
MGM/GM (wet weight) 
3 
DIETARY GROUP DNA X 10 PROTEIN 
00 440±90.0(10) 36.9±9.70(10) 
oc 400±70.0(11) 39.2±20.5(11) 
so 450±110(11) 51.5±32.4(10) 
SC 470±120(11) 34.5±7.8(9) 
I 
N 
'-,J 
I 
TABLE 7 
HF.XOSE AND FUCOSE CONCENTRATIONS IN SALIVARY GLANDS 
MGM/GM (wet weight) 
3 
DIETARY GROUPS HEXOSE X 10 FUCOSE X 103 
00 820±180(10) 17.9±11.9(10) 
oc 810±150(11) 154±8.64(12) 
so 860±310(11) 21. 9±7. 70(11) 
SC 860±190(10) 14.2±9.90(10) 
I 
N 
co 
I 
DIETARY GROUP 
00 
oc 
so 
SC 
TABLE 8 
HEPATIC DNA AND PROTEIN CONCENTRATIONS 
MGM/GM (wet weight) 
3 
DNA X 10 
217±650(10) 
225±480(11) 
224±360(10) 
231±360(9) 
PROTEIN 
57. 7±24 .1(9) 
45.3±12.7(9) 
66.3±41.1(9) 
45.1±15.0(6) 
I 
N 
\0 
I 
TABLE 9 
HEPATIC HEXOSE AND FUCOSE CONCENTRATIONS 
MGM/GM (wet weight) 
HEXOSE X 10 3 I 
DIETARY GROUP 
I I 
00 I 1100±154(9) 
oc I 1250±356(10) 
* so I 1460±430(9) 
SC I 1360±221(9) 
FUCOSE X 103 
30.3±14.6(8) 
19.7±6.20(10) 
20.2±9.35(9) 
13.2±10.1(8) 
* Indicates a significant difference between groups 00 VS. SO (P<0.05) 
** Indicates a suggestive difference between groups 00 and OC (P<0.10) 
I 
I 
w 
I 0 I 
** 
DIETARY 
GROUP 
00 
oc 
so 
SC 
TABLE 10 
LIPID CONCENTRATIONS IN SUBMANDIBULAR SALIVARY GLANDS 
(MG per wet weight) 
TOTAL LIPIDS NEUTRAL LIP IDS POLAR LIPIDS 
8.99 3.41 5.58 
9.32 3.21 6.11 
10. 25 4.33 5.92 
7.70 2.48 5.22 
I 
w 
N 
I 
TABLE 11 
FATTY ACIDS AND GLYCERIDE CONCENTRATIONS IN SUBMANDIBULAR SALIVARY GLANDS 
DIETARY GROUP FREE FATTY TRIGLYCERIDES METHYL ESTERS MONO AND DI -
ACIDS GLYCERIDES 
00 15.69±5.03 32.03±10.29 13.03±2.75 7.38±3.42 
oc 15.33±4.33 30.85±9.10 13.89.9.46 5.41±2.94 
* so 19.52±4.35 40. 68±11. 78 11. 31±2. 69 5.66±2.01 
* SC 11. 92±6. 97 23.20±13.33 11.28±3.14 9.41±7.56 
* Indicates P(0.05 
I 
w 
I--
I 
FATTY ACID 
12 
14 
14:1 
16 
17 
18 
18:1 
18.2 
18.3 
20 
21 
22 
TABLE 12 
METHYL ESTER DERIVATIVES OF FREE FATTY ACIDS IN SUBMANDIBULAR SALIVARY GLANDS 
(AS% OF FREE FATTY ACIDS) 
00 oc so SC 
0.00 0.46±0.00 o.oo 0.00 
1.10±0.57 1. 39±0. 71 TRACE 1. 72±0.42 
1. 93±0. 97 1.18±0. 36 TRACE 2.42±1.35 
22.50±9.68 24.35±7.99 15.84±6.23 34.66±7.42 
9. 27±1. 74 7. 82±1. 23 9.17±1.70 10.99±3.19 
29. 73±1. 35 30.31±2.67 34.54±2.82 26.57±3.98 
2.65±1.98 4.42±2.45 0.00 7.78±5.96 
13.55±4.25 12.12±4.91 17.98±2.07 10.74±6.08 
5.84±3.84 5.67±1.76 8.39±4.25 5.78±4.84 
10.67±4.39 7.34±3.78 10.18±3.46 6.17±3.45 
2. 29±1. 21 8.57±6.91 6.58±1.11 3.07±1.54 
3 .19±1. 87 2.40±1.13 2.93±0.00 5.88±1.17 
I 
w 
w 
I 
PHOSPHOLIPIDS 
LYSOPHOSPHATIDYL 
CHOLINE 
SPHINGOMYEL IN 
PHOSPHATIDYL 
CHOLINE 
PHOSPHATIDYL 
INOSITOL & 
SERINE 
PHOSPHATIDYL 
ETHANOLAMINE 
PHOSPHATIDIC 
ACID 
* Indicated P 0.05 
.j 
~•., 
TABLE 13 
PHOSPHOLIPIDS IN SUBMANDIBULAR SALIVARY GLANDS 
(AS% OF TOTAL PHOSPHOLIPIDS) 
00 oc so 
~ l!: ::~-rt .r ·-r: .~, 
3.77±1.26 3.56±0.89 3.08±0.35 
4. 44±1. 57 3.89±0. 72 4.87±2.57 
13 .41±6 .12 14.72±5.66 9.86±3.28* 
8.68±2.40 7. 59±1. 80 7.82±2.07 
14.44±5.29 14.00±6.04 13.24±4.53 
46.40±23.18 52. 63±11.04 57.92±9193 
SC 
4.04±1.54 
4.48±1.16 
12.99±4.32 
7.81±160 
13.47±7.69 
49.10±8.90 
I 
w 
,i:... 
I 
TABLE 14 
CHOLESTEROL CONCENTRATIONS IN SUBMANDIBULAR SALIVARY GLANDS 
COMPONENT 00 oc so SC 
* CHOLESTEROL 20.86±8.41 26.08±9.01 14. 77±8 .44 30.80±14.69 
CHOLESTEROL 10.95±4.79 8.44±3.01 8.73±3.96 11. 74±3.62 
ESTERS 
* Indicates P(0.05 
I 
w 
\JI 
I 
DISCUSSION 
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DISCUSSION 
The increased consumption of sucrose has become of great 
concern. Over the years sucrose has increasingly replaced 
other carbohydrates such as starches in human diets. This 
tendency towards an increased consumption of sucrose has resulted 
frequently in a diet that could be marginal in total protein 
intake. The intent of the present study was to examine this 
aspect of this problem and also determined - whether ascorbic 
acid has any beneficial effects. 
In our study we did not find any significant changes in DNA 
concentrations in all the tissues we examined (liver, salivary 
glands, and oral mucosa). The levels of DNA remained unchanged, 
showing that there were little or no effects by the modest 
dietary changes we employed. Dickerson et al.
231 
studying the 
effect of a low protein (5% casein) diet, with sucrose as the 
main carbohydrate noted that such a dieatary regimen had no 
apparent effect on the DNA content of the liver. On the other 
~ 
hand, Umana et al. reported that protein deficiency produced 
a significant increase in the DNA concentration of liver 
homogenates. They also studied the livers of both types of 
protein-calorie malnutrition (Kwashiorkor and Marasmus) in children 
who died from these diseases. Their results showed an increase 
in the DNA concentration of the livers in both types of protein-
calorie malnutrition. 
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Under our experimental conditions, there also were no 
significant differences in the protein content of the various 
24 
tissues we studied. Haider and Tarner using diets containing 
various levels of protein (8, 27, and 64% casein) found no 
apparent effect on protein synthesis on the liver. Other workers 
showed that the level of protein can significantly affect protein 
25 
and nucleic acid synthesis in the rat liver (Shaw and Fillies) 
A possible explanation for the disagreements among these 
investigators may have been due to different experimental 
conditions (ie, . different duration of time on experimental diets, 
different qualities of proteins, and different laboratory 
conditions). 
26 
Also relative to our study, Schrier and Kazassis reported 
an increase in the rates of protein synthesis in the livers of 
protein deficient rats. Weimer et al. 27 reported that the level 
of protein in the diet had no significant effects on the serum 
glycoproteins in the rat. However, Menon et al. 28 showed that 
different types of carbohydrates produced various changes in the 
glycoproteins in the serum and liver in the rat. They fed three 
different types of carbohydrate to their animals; group 1 
received sucrose as the main carbohydrate; group 2 received 
sucrose; and group 3 received blackgram (a polysaccharide)! In 
the liver, the animals receiving sucrose had the highest levels 
of fucose and sialic acid. The serum showed the highest levels 
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of protein bound hexose and fucose in the animals supplemented 
with sucros~, whereas the level of sialic acid in serum was 
highest in the glucose supplemented diet. 
1 
Earlier investigations done by Taoka and Fillies on the 
effects of protein depletion in the subcellular fractions of the 
rat liver demonstrated that the hexose to protein ratio was 
significantly increased in the carbohydrate rich (acid-soluble) 
fraction of the post ribosomal supernatant. They also showed 
that the hexosamine to sialic acid ratio in the acid-insoluble 
fraction was significantly decreasec and the total protein-
29 
bound sialic acid was increased. Patwardham et al. examined 
serum glycoprotein fractions in children with protein-calorie 
malnutrition, he found that there was an increase in the levels 
of protein-bound hexose along with a decrease in total protein 
in these children. In the present study, we found that the 
bound hexose concentrations in the oral mucosa in the group 
receiving the high sucrose diet was significantly higher when 
compared to the basal diet. Similarly, when the high sucrose 
group was supplemented with ascorbic acid the values for the 
bound hexoses were higher than for the group receiving just the 
high sucrose diet. In the liver, there was a significant 
difference in the hexose concentration between the group 
receiving the high sucrose diet and the group receiving the basal 
diet. The high sucrose diet had a higher concentration of hexose. 
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2 
Wood and Fillies observed a significant increase in total 
bound hexoses in acid-soluble glycoprotein fracitons in livers 
of rats fed a low protein diet (5% casein), for a period of 
seven days. 
Increased intakes of certain carbohydrates have also been 
30 
shown to elevate sermn lipid values. Reiser et al. compared 
the effects of feeding either sucrose or starch to his volunteers 
for a period of 6 weeks. He demonstrated a significant increase 
in total serum lipids, triglycerides, and total cholesterol. 
31 
Simko et al. fed rats isocaloric semisynthetic diets that 
differed only in the carbohydrates (47% of total calories) which 
agrees with the findings of Reiser. They compared glucose to 
sucrose feeding and found an absence of a lipid elevating effect 
with feeding of glucose. 
In the present study, there was a significant decrease in the 
concentration of salivary gland triglycerides when the high 
sucrose group is supplemented with ascorbic acid, suggesting 
30 32-34 
and others a decrease in lipid storage in the organ. Reiser 
previously reported that the substitution of sucrose for starch 
has resulted in an increase in serum lipid levels. The reason 
for the decrease in triglyceride levels in our study is apparently 
35 
related to a protective effect of ascorbic acid. Fujunami et 
al. has indicated that ascorbic acid supplemented animals had 
lower serum triglyceride levels than animals without ascorbic acid. 
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We did not examine triglycerides in other organs or in serum. 
According to the literature ascorbic acid supplements tend 
also to lower the serum cholesterol of healthy young adults. 
36 
However, Crawford et al. administered ascorbic acid (1 gm/day) 
to healthy adults and, found that it did not significantly 
influence the levels of serum cholesterol. We found that there 
was a significant increase in the concentration of cholesterol 
of the submandibular salivary glands in the basal group when 
supplemented with ascorbic acid. A similar effect was seen in 
mono and diglyceride levels when ascorbic acid was added to the 
high sucrose diet. The reason for these increases remains unclear 
at this time. 
In order to understand more clearly the interrelationship of 
certain nutrients (ie. ascorbic acid and sucrose), it is necessary 
to compare different organ systems. For example, our work shows 
that in the liver, sucrose increased the level of bound hexoses. 
One explanation for this phenomen is that increased sucrose 
consumption favors increased sugar storage in the liver. The 
liver is responsible for the maintenance of blood sugar, and 
therefore plays a major role in carbohydrate regulation. Another 
explanation would be an elongation of the side chains bound to 
intracellular proteins. This would explain the increase in hexose 
concentration, the more 'internal' sugars are added to the chain 
before its termination, in conditions of inadequate amino acid 
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supply. However, sucrose has an opposite effect on the oral 
mucosa. For example, we observed a decrease in bound-hexose 
concentrations along with an increase in bound-fucose 
concentrations. This could be related to an increase in 
glycosylations of shorter side chains. The addition of ascorbic 
acid may contribute to an early termination of the side chains, 
leading to a relative increase in fucose on the polypeptide. 
The high sucrose diet seemed to elevate the level of 
triglycerides in the salivary glands of our animals. When 
ascorbic acid is added to this diet, a marked decrease of the 
level of triglycerides in the salivary glands was seen. As 
previously stated, many investigators have seen a lipid lowering 
effect of ascorbic acid. This may give us an explanation as to 
the decrease in triglycerides in our experiment. On the other 
hand, the level of mono and diglycerides showed just the opposite 
effect; the levels were decreased in the high sucrose diet and 
increased with the addition of ascorbic acid to such diets. 
The latter suggests an inhibitory effect on triglyceride 
organization or enhanced catabolism since the mono and diglycerides 
may represent precursor or by products of triglyceride metabolism. 
The results of our dietary experiment indicate that sucrose 
and ascorbic acid have effects on the metabolism of different 
organ systems. The evidence we ha ,ve gathered has shown that 
ascorbic acid may have a benefical effect in salivary glands of 
-42-
rats fed diets high in sucrose. Further investigations are 
clearly necessary for a better understanding of the inter-
actions of these nutrients in oral tissues. 
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